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Dear D r .  Perk: 

I was very pleased t o  learn o f -your  in te res t  i n  a co l l abora t ive  e f f o r t  t o  i d e n t i f y  
the  t a r g e t  gene f o r  i n s e r t i o n a l  mutagenesis i n  retrovirus-induced pulmonary tumors. 
An incoming post-doctoral  fellow, D r .  Paul  Bates, has expressed a s t rong  i n t e r e s t  
i n  t h i s  p ro jec t  and w i l l  be proposing t o  work on i t  i n  h i s  app l i ca t ions  f o r  post-  
doc to ra l  fellowships.  Since he w i l l  not  a r r i v e  here  u n t i l  l a te  i n  1984 o r  e a r l y  
i n  1985, there  i s  t i m e  f o r  u s  t o  consider t he  bes t  way t o  organize the  p ro jec t .  

We cu r ren t ly  e n t e r t a i n  t h r e e  ways t o  look f o r  a c t i v a t i o n  of oncogenes by p r o v i r a l  
i n se r t ions .  ( i )  Known oncogenes can be t e s t e d  f o r  rearrangements caused by in- 
s e r t i o n  of proviruses ,  using the  Southern DNA t r a n s f e r  procedure t o  analyze DNA 
from tumor and normal t i s s u e  with the  20 o r  so  ava i l ab le  probes f o r  oncogenes. 
For such tests, w e  l i k e  t o  have a t  least a gram of r e l a t i v e l y  homogeneous tumor 
t i s s u e  and similar amounts of a normal organ from the  same animal. The samples 
need t o  be quick-frozen t o  avoid ex tens ive  degradation of nuc le i c  acid.  A gram 
of t i s s u e  w i l l  usua l ly  y i e l d  c lose  t o  a mg of DNA, s u f f i c i e n t  f o r  mul t ip le  ana lyses ,  
p lus  DNA cloning i f  c a l l e d  fo r .  Obviously, when poss ib le ,  it is  good t o  have 
l a r g e r  samples t o  permit mul t ip le  prepara t ions  of DNA and f o r  tests of RNA and 
( i f  c a l l e d  f o r )  p ro t e in  a t  later s tages .  
seek novel oncogenes t h a t  might be p r o v i r a l l y  ac t iva t ed  by cloning t h e  ce l l  DNA t h a t  
f l anks  p r o v i r a l  DNA i n  tumors car ry ing  a s i n g l e  new provirus .  
then used as a probe t o  seek evidence t h a t  t h e  same i n t e g r a t i o n  s i te  is  occupied 
i n  o the r  tumors (see r e p r i n t  by Nusse and me), 
way t o  make probe s p e c i f i c  f o r  your v i r u s  i s o l a t e  (assuming i t s  genome is  not  c r o s s  
r e a c t i v e  with o ther  mammalian r e t rov i ruses ) .  
make labe led  cDNA, e i t h e r  i n  an endogenous polymerase r eac t ion  o r  i n  a r eac t ion  
templated with v i r a l  RNA p u r i f i e d  from your v i rus .  
of 100 ug of v i r a l  p ro t e in  (with an an t i c ipa t ed  y i e l d  of 1-2 ug of v i r a l  RNA). 
Can you give u s  some idea  of the  t i t re  of your s tocks  and t h e  amount of v i r u s  
t h a t  could  be made ava i l ab le?  Once some probe was i n  hand, we would proceed t o  
clone a provi rus  from some s u i t a b l e  tumor o r  i n fec t ed  cells i n  c u l t u r e ,  using enzymes 
t o  be chosen a f t e r  prel iminary r e s t r i c t i o n  mapping. The clone would then serve  
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as a probe for future experiments with tumors. It would probably be necessary 
to have samples from at least 10-20 tumors to have a reasonable chance of finding 
one with a single provirus and to have a bank of DNA's against which to test 
putative common integration sites. (iii) The third approach involves a search 
for hybrid (viral-host) transcripts indicative of promotion within an LTR and 
transcription of flanking host (oncogene) DNA. We have made successful use of 
this method recently in an avian nephroblastoma that proves to have an LTR- 
activated c-Ha-ras - gene, although methods (i) and (ii) failed to detect this muta- 
tion. Here we would need tumors that were frozen with sufficient dispatch to 
yield intact RNA. 

At this stage, it would be useful to have some notion of the abundance of materials 
at your disposal: tumors (size and numbers), control tissues, and virus stocks. 
I look forward to hearing from you. 

With best regards, 

Harold E. Varmus, M.D. 
American Cancer Society 
Professor of Molecular Virology 
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